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With the combination of immunophenotyping andmolecular tests, it is still a challenge to identify the character-
istics of T cell acute lymphoblastic leukemia (T-ALL) associated with distinct outcomes. This study tests the pos-
sible correlation of cellular expression of CD135 and CD117 with somatic genemutations in T-ALL. One hundred
sixty-two samples were tested, including 143 at diagnosis, 15 from T-lymphoblastic lymphoma at relapse, and
four relapse samples from sequential follow-up of T-ALL. CD135 and CD117monoclonal antibodies were includ-
ed in the T-ALL panel of flow cytometry. The percentage of cells positivity and the median fluorescence intensity
were correlated with gene mutational status. STIL-TAL1, TLX3, FLT3 and IL7R mutations were tested using stan-
dard techniques.
STIL-TAL1was found in 24.8%, TLX3 in 12%, IL7R in 10% and FLT3-ITD in 5% of cases. FLT3 and IL7Rmutations were
mutually exclusive, as were FLT3-ITD and STIL-TAL1. Associations of CD135high (p b 0.01), CD117intermediate/high

(p = 0.02) and FLT3-ITD, CD117low with IL7Rmutated (p b 0.01) and CD135high with TLX3pos were observed.
We conclude that the addition of CD135 and CD117 to the diagnosis can predict molecular aberrations in T-ALL
settings, mainly segregating patients with FLT3-ITD, who would benefit from treatment with inhibitors of
tyrosine.
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Fig. 1. The characterization of the T-ALL cases and samples included in the study. *There
were 9 out of 171 (5.2%) cases excluded due to lack of material for all analysis, low per-
centage of blast cells or acute leukemia with mixed phenotype; 8 samples are sequential
from the diagnosis (n= 4) and first relapse (n= 4); **15 cases were T-cell lymphoblastic
lymphoma (T-LL) at first relapse in bone marrow/peripheral blood as T-ALL.
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1. Introduction

T-cell acute lymphoblastic leukemia (T-ALL) in childhood is an ag-
gressive malignancy characterized by high white blood cell count
(WBC), mediastinal tumor and a high rate of relapses in the central ner-
vous system, bone marrow (BM) or testicle infiltration [1]. T-ALL ac-
counts for approximately 15% of all childhood acute lymphoblastic
leukemia (ALL), and in contrast to B-cell ALL, the prognostic significance
of molecular-cytogenetic abnormalities in pediatric T-ALL has not been
yet elucidated [2]. Therefore, exploring the immunophenotype andmo-
lecular connections to define some T-ALL settings is one of the potential
issues for clinical translation. T-ALL can be classified according to specif-
ic subgroups that are associated with the expression of specific
immunophenotypic markers, reflecting maturational arrest at distinct
T-cell developmental stages [2].

FMS-like kinase-3 (FLT3/CD135) and stem cell factor receptor
c-Kit/CD117) are members of the class III receptor tyrosine kinase
family and share the common structure of five extracellular
immunoglobulin-like domains, a single transmembrane segment,
a juxtamembrane domain and a split cytoplasmic domain [3]. Theymu-
tually contribute to the normal differentiation and proliferation of prim-
itive hematopoietic cells. FLT3 and CD117 are expressed at high levels in
early cell populations with lymphoid and myeloid differentiation po-
tential [4].

Mutations in FLT3 such as internal tandem duplication (ITDs) in the
juxtamembrane domain or in the tyrosine kinase domain (TKD) result
in constitutive activation of the FLT3 receptor in the absence of a ligant
[4]. Both genetic abnormalities are well defined in acute myeloid leuke-
mia (AML) and confer a poor clinical prognosis [5]. At the same time,
these mutations are rarely found in childhood ALL [6–8], and the prog-
nosis of FLT3-mutated patients has not yet been tested due to the low
frequency of this mutation in this disease. Recently, some authors
have demonstrated that immature T-ALL might benefit from receptor-
kinase inhibition drug therapeutic strategies depending on the FLT3 sta-
tus [9], as in patients with B-cell precursor ALL (Bcp-ALL) with a Ph-like
genome profile [10].

Because very few data are available regarding the FLT3 mutational
status and correlationwith immunophenotyping in an exclusive pediat-
ric T-ALL cohort, the present study aimed to establish the distribution
frequencies of FLT3 mutations and to test the association between
FLT3 status and CD135 and CD117 identified by flow cytometry in pedi-
atric T-ALL.
2. Materials and methods

2.1. Patients

One hundred seventy-one unselected samples from T-cell leukemia
patients (aged less than 19 years old) were included for immuno-
phenotyping and molecular tests (shown in Fig. 1). Bone marrow
(BM) aspirates and/or peripheral blood (PB) samples were sent to the
Pediatric Hematology–Oncology Program, Research Centre, Instituto
Nacional de Cancer, Rio de Janeiro, Brazil, for cellular and molecular di-
agnostic tests before treatment decisionsweremade. The referring phy-
sicians provided demographic and clinical information regarding age
strata, gender, mediastinal mass, nervous system involvement, and
white blood cell (WBC) count. A total of 166 samples were collected
from 147 patients at diagnosis prior to any oncological treatment
(n= 143, only once); 15 samples were obtained from T-ALL as first re-
lapse in BM of T-lymphoblastic lymphoma diagnosis (T-LL RSL, only
once), and sequential samples were collected from T-ALL patients col-
lected at diagnosis (DS) and at first relapse in BM (RS), as shown in
Fig. 1. Patients were not enrolled in clinical trials but were receiving
treatments according to the Brazilian Group for Treatment of Childhood
Leukemia (GBTLI-ALL 93 and 99, n = 92) or were treated according to
the Berlin–Frankfurt–Munster ALL (BFM; n = 66) protocols backbone
strategies [11,12].
2.2. T-ALL diagnosis by flow cytometry

Immunophenotypingwas performedbymultiparametricflow cytom-
etry (M-FCM). In the first step, cytoplasmic (cy) antigens were tested
with a-MPO, CD13, IgM, CD79a, TdT, CD3, and CD22. Positive cyCD3 and
negative aMPO, CD22 and CD79a defined the T-cell leukemia; then, a
panel of T-cell-associated membrane antigen monoclonal antibodies
were applied for cell differentiation level and anomalous expression in
T-ALL, including cyCD3/CD7, CD2, CD5, CD1a, CD4, CD8, mCD3, TCR αβ,
TCR γδ, HLA-DR, CD34, CD10, CD13, CD33, CD11b, CD15, CD16, CD56,
and TdT in four or six colors. FLT3 receptor (CD135) (4G8) and c-KIT li-
gand (CD117) (104D2) conjugated to phycoerythrin (PE) were analyzed
using triple or quadruple staining with fluorescein isothiocyanate (FITC),
pyridine-chlorophyll protein (PerCP) and allophycocyanin (APC) in com-
bination with anti-CD34, anti-CD7, anti-CD2, anti-CD5 and anti-CD45
monoclonal antibodies.

FACSCalibur and Canto Flowcytometers (Becton, Dickinson andCom-
pany, CA, USA) were used for the acquisition (approximately 20.000
events) in the case of blasts cells (CD45low/intermediate). The normalization
of median fluorescence intensity (MFI) of CD117 and CD135 was defined
as a ratio (MFI-r) between the MFI values of CD117 and CD135 on leuke-
mic blasts and on a population of cells non-specifically stainedwith IgG of
the same isotype and conjugated to the same fluorochrome. Summit 5.2
software (Dako, Glostrup, Denmark) was used for analysis and determi-
nation of the median fluorescence intensity (MFI) and the percentage of
cells positive to CD135 and CD117. The analysis was initially performed
using side scatter versus CD45 parameters. A sample was considered to
have positive markers when at least 20% of the blasts had a specific
immunophenotypicmarker in a live gate CD45low/intermediate. Immunolog-
ical classification of T-ALL subsets was based on previously published
criteria [13–15]. The criterion for cellular antigen expression for CD135
and CD117 was determined as high, medium or low cellular expression,
which was defined according to the percentile values of MIF-r. Cases
with values of MFI-r below the median were considered to have low ex-
pression, cases with a value above the median and below 75th percentile
were considered to havemediumexpression and caseswith values above
75th were considered to have high expression.

The presence or absence of blast cells in the samples was reviewed
before any molecular analysis was performed. To diagnose leukemia, a
threshold of N20% of blast cells in the BM was used as a lower limit for
further analysis in T-ALL. In the PB, a clinically high WBC count or a
blast percent ≥25% were considered suitable for any test.

Image of Fig. 1


Table 1
Demography and clinical features of T-ALL at diagnosis and lymphoblastic lymphomawith
bone marrow relapse.

N (%)a T-ALL (DS) T-LL RSL p

Age
b10 year 85 (52.5) 81 (55.1) 4 (26.7) 0.05

10–18 years 77 (47.5) 66 (44.9) 11 (73.3)
Gender 0.5
Male 121 (74.7) 111 (75.5) 10 (66.7)

Female 41 (25.3) 36 (24.5) 5 (33.3)
Skin color 0.83
White 66 (40.7) 60 (40.8) 6 (40

Non-White 96 (59.3) 87(59.2) 9 (60)
WBC (×109/L) 0.03

b50 51 (31.5) 42 (28.6) 9 (60)
≥50 b 100 29 (17.9) 26 (17.7) 3 (20)

≥100 82 (50.6) 79 (53.7) 3 (20)
Mediastinal mass 0.01

yes 58 (35.8) 57 (38.8) 1 (6.6)
no 104 (64.2) 90 (61.2) 14 (93.4)

STIL-TAL1 0.99
positive 34 (26.4) 31 (26.3) 3 (27.3)
negative 95 (73.6) 87 (73.7) 8 (72.7)
TLX3 0.36

positive 16 (11.4) 16 (12.5) 0
negative 124 (88.6) 112 (87.5) 12 (100)
FLT3 0.9
ITD 8 (4.9) 7 (4.8) 1 (6.6)

Wild-type 154 (95.1) 140 (95.2) 14 (93.4)
IL7R 0.6

Mutated 9 (5.8) 9 (6.3%) 0
Wild-type 147 (94.2) 135 (93.7) 12 (100)

EGIL (WHO)b 0.2
ETP-ALL 12 (8.3) 11(8.3) 1 (8.3)

T-II (Pre-T) 32 (22.1) 30 (22.6) 2 (16.7)
T-III (T-cortical) 66 (45.5) 63 (47.4) 3 (25) 0.057
T-IV (T-mature) 35 (24.1) 29 (21.8) 6 (50)

Total 162 (100) 147 (90.7) 15 (9.3)

T-ALL, T cell acute leukemia at diagnosis; Ds, diagnostic sample; T-LL RSL, lymphoblastic
lymphoma with bone marrow relapse.
All cases classifiedwas T-I (pro-T) fill criteria to early T cell precursor acute lymphoblastic
leukemia (ETP-ALL).

a N, Total number of cases.
b EGIL classification was not applied in 17 cases due to lack of mCD3 and/or CD1a tests.
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2.3. Molecular Analysis

DS, T-LL RSL and RS were first subjected to total RNA extraction
using TRIzol (Life Technologies, Grand Island, NY, USA) according to
themanufacturer's instructions. Complementary DNA (cDNA) was syn-
thesized by using 2 μg of total RNAwith the First-Strand cDNASynthesis
Kit™ (Amersham Pharmacia Biotech, Amersham Biosciences UK Limit-
ed, Little Chalfont/UK). The integrity of the RNA and cDNA was exam-
ined by amplifying a fragment of the glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) constitutive gene according to reported condi-
tions [16]. Genomic DNA from the same leukemic cell sampleswere also
obtained using a QIAamp® DNA Blood Mini Kit (Qiagen GmbH, Hilden,
Germany) as recommended by the protocol.

2.4. Identification of STIL-TAL1 fusion gene and TLX3 transcript

The STIL-TAL1 fusion gene status and the presence of the TLX3
(HOX11L2) transcript were assessed by reverse transcriptase–polymer-
ase chain reaction (RT–PCR) technique using primers and conditions as
previously described [16].

2.5. Mutational analysis in the genes FLT3 and IL7R

FLT3-D835mutations in exon 17were detected by a restriction frag-
ment lengthmediated PCR assay (RFLP). To detect FLT3mutations in the
juxtamembrane domain, the (FLT3-ITD) region spanning exons 11 and
12 was amplified using the primers, PCR reactions and cycle conditions
described previously [17,18].

IL7R mutations (exon 6) were detected by direct sequencing using
the primers, PCR amplification conditions previously described for
gene region [19].

For all sequencing analyses, the PCR products were purified using
the GFX PCR DNA and a Gel Band Purification Kit (GE Healthcare,
Amersham, UK) and sequenced using a BigDye Terminator v3.1 Cycle
Sequencing Kit (Applied Biosystems, Carlsbad, CA) with a 3500 genetic
analyzer (Applied Biosystems). The analyses were performed with
BioEdit 7.0.9 software, comparing electropherograms with the refer-
ence sequence accessed from the National Center for Biotechnology In-
formation (NCBI) for IL7R (IL7R_NM_002185; NP-002176; NG-009567).

2.6. FLT3 real-time quantitative-PCR analysis

Real-time quantitative-PCR (qRT-PCR) was performed to determine
the expression levels of FLT3 transcription. qRT-PCR was conducted
using a ViiA™7 Real-Time PCR System (Applied Biosystems, CA, USA).
Reactions were performed in duplicate and were assessed using SYBR
GreenGo Taq®qPCRMasterMix (Promega,Madison, USA). The relative
target mRNA expression was determined using the comparative Δcycle
threshold (ΔCT) method. GAPDH was used as an internal control.
Threshold values were calculated and normalized with GAPDH, and
ΔCT was used to quantify FLT3 gene expression, as analyzed using Ex-
pression Suite Software Version 1.0.4 (Life Technologies, CA, USA). The
primer pairs used for FLT3 were Forward AGCATCCCAGTCAATCAG and
Reverse CTGGCTGGTGCTTATGA (5′ to 3′).

2.7. Statistical analysis

To compare the distribution of categorical variables, the Chi-square
test was used, and Fisher's exact test (2-tailed) was used when the ex-
pected count in at least one cell of the table was less than five. Cases
were grouped as T-ALL prior to any treatment (DS) or T-ALL as first re-
lapse of prior T-LL diagnosis (T-LL, RSL). Caseswere grouped as FLT3-WT
or FLT3-ITD, and both groups were analyzed by age range, gender, and
immune-molecular and clinical features to compare for significant dif-
ferences. The Mann–Whitney U test was used to test the differences in
continuous variables (percentage-positivity and MIF-r of CD135 and
CD117) in models that included FLT3, IL7R, STIL-TAL1 and TLX3 status.
Receiver operating characteristic (ROC) curveswere generated to deter-
mine the likelihood expression of CD117 and CD135 to predict genotype
status. The ROC curves are tools to test accuracy, sensitivity and specific-
ity of association between cell markers. The Spearman rank correlation
coefficient was calculated for both cellular (CD117 and CD135) and
gene expression (FLT3). All tests were performed using PRISM software
(PRISM, Graphpad, La Jolla, CA, USA). p-Values b 0.05 were considered
statistically significant.

2.8. Ethical aspects

Patientswere cared for in accordancewith theDeclaration of Helsin-
ki ethical standards. The Ethical and Scientific Committees of the
Instituto Nacional de Cancer, Rio de Janeiro, Brazil, approved the study
(CEP/INCA#117/12; CEP-CONEP: PB #888.277).

3. Results

The demographics and main clinical and laboratorial features of the
162 T-ALL/LL patients included in this study are shown in Table 1. To ex-
amine possible bias introduced by selecting variables regarding T-ALL
(de novo) and T-ALL secondary to T-LL, the demographics, clinical, and
laboratorial molecular characteristic were tested for homogeneity. Al-
most all variables were similar, including the male: female ratio (3:1)
in both groups; the mediastinal mass and WBC were higher in T-ALL
(p = 0.03 and 0.001, respectively). T-cortical was the more frequent
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subtype (45.5%). Furthermore, the sample consisted of 8.3% early T cell
precursor ALL (ETP-ALL), 22.1% pre-T and 24.1% Tmature subtypes. The
prevalences of STIL-TAL1, TLX3 and IL7Rwere 26.4%, 11.4% and 5.8%, re-
spectively. There were eight cases with FLT3-ITD that represented 4.9%
of the whole cohort. In addition, the FLT3-D835 mutation was not ob-
served, and the FLT3-ITDmutations and IL-7Rmutations were mutually
exclusive, aswere the FLT3-ITD and STIL-TAL1mutations. Themain char-
acteristics of T-ALL/LL patients according to FLT3 status are shown in
Table A.1 in the appendix. There were no differences in demographics
(sex, age at the diagnosis) or clinical variables (EGIL/WHO
immunophenotyping, mediastinal mass, high white blood cell count
or SNC involvement) according to FLT3 status.

The T-ALL/LL subtypes determined by immunophenotyping profile
and FLT3 status are shown in Table A.2. HLA-Drpos, CD34pos and
CD10pos were found in 21.6%, 38.6% and 42.8% of cases, respectively.
Myeloid antigens (CD11bpos, CD117pos, CD33/CD13pos) were also
found in 18.2%, 20.2% and 30.5% of cases, respectively. CD135 was
positive in 11.4% (10/88) of cases tested (three ETP-ALL, two pre-T,
two T-cortical and three T-mature ALL). The distribution of different
immunophenotypes of T-ALL/LL sub-sets was similar between patients
with or without FLT3-ITD mutations. However, the majority of cases
with FLT3-ITD (62.5%) were CD2/CD5pos and CD4/CD8neg. CD1apos was
expressed at low levels (≥20% and b50% positivity blasts cell) in three
of eight patients with FLT3-ITD. Expression of mCD3pos was observed
in very few cases.

To test whether cellular expression of CD135 and CD117 identified
by M-FCM would predict somatic mutations, the sensitivity and speci-
ficity of CD117 and CD135 were then evaluated by MIF-r and the per-
centage of positive cells. The median expression levels of CD117 and
CD135 were heterogeneous in the whole cohort (MIF-r, 1.9 (0.5–82),
5% (0–96%) and MIF-r 1.8 (0.5–22.3), 3% (0–97%), respectively) and
were taken as an example case, as shown in Fig. 2.

However, CD117 and CD135 MIF-r and the positivity changes in the
median values varied according to gene mutations. Significant differ-
ences in the cellular expression levels of CD117, CD135 were observed,
as shown in Fig. 3. CD135 expression was higher in FLT3-ITD than in
FLT3-WT (p b 0.01) or the TLX3pos group (p = 0.046), whereas no
Fig. 2. Cellular expression of CD135 and CD117 antigens in blast cells analyzed byM-FCM. Cells
specific IgG, CD135 and CD117 were used to define the MFI-r normalization. A) CD135 and CD
low expression.
differences in CD135 and CD117 expression were observed in STIL-
TAL1 cases. The lowest expression of CD117 was found in T-ALL with
IL7R mutated compared with IL7R-WT (p b 0.01).

The cellular expression variability of CD117 and CD135 according to
MIF-r percentile values and FLT3, TLX3 and ILR status are shown in
Table 2. Fifty-four percent of TLX3pos cases and 83.3% of FLT3-ITD cases
were associated with high CD135 MFI-r (p b 0.01). Regarding the ex-
pression of CD117 and FLT3-ITD, 50% of cases were associated with in-
termediate MFI-r and another 50% were associated with high MFI-r
(p = 0.03). Conversely, all cases with IL7R mutated were associated
with low MFI-r (p b 0.01) (Table 2).

The ability of CD117 and CD135 expression variability to predict
molecular aberrations was tested after the adequate cutoff ratio was
established in order to achieve the appropriate sensitivity and specificity
(shown in appendix Table A.3). The accuracy values to predict FLT3-ITD
were better for CD135 and CD117 MIF-r (0.86 and 0.79, respectively)
than for the percentage of positivity cells (0.77 and 0.74, respectively).
In addition, for IL7Rmutation prediction, taking into account the expres-
sion of CD117 resulted in equal accuracy value for both percentage and
MFI-r (0.85).

Then, the FLT3 transcript expression was quantified by qRT-PCR in
order to compare with the CD117 and CD135 cellular profiles deter-
mined by M-FCM. Thirty samples with CD117 and CD135 cellular pro-
files determined by M-FCM in which biological material was still
available were analyzed (Fig. 4). Quantitative qRT-PCR assays revealed
that 5T-ALL cases had high FLT3 expression. FLT3-ITD expression was
1.55-fold higher than FLT3-WT expression (p = 0.025). The correlation
of FLT3 transcription with CD135 and CD117 MFI-r levels was tested,
and positive correlations were found with both markers (p = 0.03;
p = 0.002).

Finally, a summary of the demography and laboratorial findings of
all patients with FLT3-ITD is shown in Table A.4 in the appendix. Two
cases (#5; #8) were classified as ALL-ETP according to the
immunophenotyping profile. In both cases, the status of FLT3 changed
during patient follow-up. The sequential samples (DS and RS) demon-
strated that in one case (#5), heterozygous FLT3-ITDmutationwas pres-
ent in theDS sample andwas not present in the RS sample, while in case
positivity in dot plot and ratio median fluorescence intensity (MFI-r) in histograms. Non-
117 high expression; B) CD135 and CD117 intermediate expression; C) CD135 and CD117

Image of Fig. 2


Fig. 3.Differences of cellular expression of CD117 and CD135 according tomolecular alteration. *pb 0.05; interquartile range ofMIF-r (ratio ofmedianfluorescence intensity); positive cells
(%) of CD117 and CD135. In tables themedian, minimum andmaximum value ofMFI-r and positive cells (%) according to gene status. Mut, mutated;WT, wild-type, ITD, internal tandem
duplication.
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#8, heterozygous FLT3-ITDmutationwas present in the DS and changed
to the FLT3-ITD homozygous pattern in the RS (17 months after DS).
Both patients died during relapse.

4. Discussion

The application of M-FCM is widely accepted as a frontline test for
the identification of ALL subtypes for risk stratification and treatment.
However, the correlation of antigen expression and somatic genotyping
of T-ALL has not been explored as in Bcp-ALL, in which the antigen
expression patterns reflecting the genotype are associated with
molecular-cytogenetic abnormalities that predict prognosis [20,21].
Therefore, efforts have been made to achieve sensitivity and specificity
values using M-FCM to identify T-ALL subsets associated with somatic
genetic aberrations [22,23].

In the present study, the accuracy of CD135 (FLT3) and CD117 (c-
KIT) were explored in a large cohort of T-ALL samples from Brazil, seek-
ing possible correlations with T-ALL-specific gene aberrations such as
STIL-TAL, TLX3 and IL7R mutations. The frequency of the FLT3 mutation
was low (5%) compared with other molecular aberrations, and only
FLT3-ITD was identified, similar to previous studies [6,8]. STIL-TAL,
TLX3 and IL7R were found in according to previous reports [15,17],
and FLT3-ITD and IL7R mutations were mutually exclusive, as were
FLT3-ITD and STIL-TAL1.

Although the CD135 antigen is recognized as the FLT3 ligand to the
FLT3 receptor–signaling pathway, it is rarely tested in acute leukemia
Fig. 4. Comparisons between FLT3 status and CD135 and CD117 cellular expression and FLT3 tra
culated byMann–Whitney test; the median expression is shown by horizontal bar; B) correlati
between CD117 cellular expression and FLT3 transcript expression. r, Spearman coefficient; p v
[24]. A few studies have found that the CD135 antigen is highly
expressed in Bcp-ALL, B-cell line and acute myeloid leukemia (AML)
and in a minor percentage in T-cell ALL [25]. The cellular expression of
CD135 was found in 11.4% of the cases tested, and the frequency was
lower than that of CD117 (20%). However, the correlation test indicates
that a high level of combining cell markers is a good predictor of TLX3,
FLT3-ITD and IL7R gene mutations. The cellular expression in terms of
positivity and MFI-r of CD117 and CD135 was greater in cases with
FLT3-ITD, although FLT3-WT cases were also found with CD135 and
CD117 antigens. These findings were confirmed in the positive correla-
tion of high levels of FLT3 transcripts in cases of FLT3-ITD and FLT3-WT.
Furthermore, we observed that CD135 antigen expression in blast cells
was higher in cases with TLX3pos, in contrast to STIL-TAL1pos in T-ALL.
These findings are in agreement with those of Lhermitte et al. (2013)
[9], who suggested that FLT3 protein expression can be ectopic and
overrepresented in subsets of T-ALLs and that expression of FLT3 was
higher in oncogenic groups associated with TCRγδ lineage orientation,
such as TLX3, and lower in oncogenic groups with αβ lineage orienta-
tion, such as STIL-TAL [9,26].

Recently, CD117 expression was found in a T-ALL subset known as
early T-cell precursor acute lymphoblastic leukemia (ETP-ALL), which
is characterized by less than 5% CD1a and CD8, CD5 weak with less than
75% blasts and the presence of stem cell (CD34, HLA-DR) or myeloid
markers (CD117, CD13, CD33, CD11b, CD15, CD65) [22]. ETP-ALL dem-
onstrates unfavorable outcomes in adults and children and is associated
with a high frequency of FLT3 mutation [27,28]. However, even more
nscript. A) Differences of FLT3 transcript expression according to FLT3mutation status, cal-
on between CD135 cellular expression and FLT3 transcript expression levels. C) correlation
alue.
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Table 2
Expression variability between molecular alterations according to MIF-r percentile values
of CD117 and CD135.

Low Intermediate High p

CD135 MIF-r (b1.8) (≥1.8 b 2.5) (≥2.5)
FLT3-ITD (n = 6) 0 1 (16.7) 5 (83.3) b0.01
FLT3-WT (n = 82) 42 (51.2) 20 (24.4) 20 (24.4)
TLX3+ (n = 11) 3 (27.3) 2 (18.2) 6 (54.5) 0.13
TLX3− (n = 69) 36 (52.2) 17 (24.6) 16 (23.2)
CD117 MIF-r (b1.9) (≥1.9 b 2.7) (≥ 2.7)
FLT3-ITD (n = 6) 0 3 (50) 3 (50) 0.03
FLT3-WT (n = 88) 43 (48.8) 24 (27.3) 21 (23.9)
IL7R mutated (n = 7) 7 (100) 0 0 b0.01
IL7R-WT (n = 86) 35 (40.7) 27 (31.4) 24 (27.9)

Abbreviations: ratio median fluorescence intensity (MFI-r); WT, wild-type; ITD, Internal
tandem duplication.
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importantly, CD117 alone does not predict FLT3mutation in T-ALL cases
[6,24,29–31]. In the majority of the studies, mixed-lineage T/myeloid
was involved or the studies did not include pediatric cohorts
exclusively.

In our study, two cases with FLT3-ITD fulfilled the criteria for ETP-
ALL, but FLT3-ITDwas not restricted to more immature T-ALL; although
most cases with FLT3-ITDwere CD4neg/CD8neg, we found cases CD4pos/
CD8neg and CD4pos/CD8pos. These immunophenotypic features were
also described in previous studies [6,9]. Interestingly, TCRγδwas detect-
ed in two caseswith FLT3-ITD, and these data suggest that FLT3-ITD is re-
stricted to the TCRγδ lineage and is not found in the αβ lineage [9].

In T-ALL, CD117 expression was found in 9 to 28% of cases [32–34].
No correlation between the expression of CD117 and STIL-TAL1pos or
TLX3pos was observed. The expression of CD117 was lowest in cases of
IL7R-mutations. Mutations in IL7R appear to influence the expression
of CD117 in accordance with the already described cross talk between
these receptors [35].

Another point that should be raised is the different outcomes of two
patients with FLT3-ITD; one relapsed 17 months after initial diagnosis
with no wild-type FLT3 allele and only mutated alleles, probably due
to loss of heterozygosity. Conversely, another patient showed no FLT3/
ITDmutation at relapse, consistentwith suggestions by Van Vlierberghe
et al. (2005) that the loss of themutated allele occurred during therapy
or that the clone positive for FLT3-ITD was eliminated during chemo-
therapy with a relapse from an FLT3 WT parental clone [6].
5. Conclusion

FLT-ITD in children with T-ALL can be predicted with the addition of
CD135 and CD117 in theM-FCMpanel of monoclonal antibodies, taking
into account that MFI-r values are better than the percentage of positiv-
ity. Although this mutation occurs at a low frequency, the identification
of FLT3-ITD can segregate patients who would benefit from treatment
with inhibitors of tyrosine kinase.
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